~" A prospective study of 100 patients undergoing discectomy was carried out. The neurological findings were documented preoperatively and at 1 month and 1 year postoperatively. The clinical and radiological data were analyzed with respect to significant associations. There were no complications. At a minimum of 1 year postoperatively, 63% of patients had complete relief of back pain and 73% had complete relief of leg pain. A discriminant analysis equation was derived which assessed the relative significance of factors as determinants of outcome. A method is given for estimating whether a patient will have a good or a poor outcome following the discectomy. Factors shown to be of significance should be recorded in prospective series to allow for comparison as to the efficacy of different methods of treatment. The results are better than those described for chemonucleolysis.
T HE use of prospective, double-blind studies to evaluate chemonucleolysis in the treatment of disc protrusions has subjected these agents to a degree of scrutiny to which the operation of discectomy itself has not been. While it would be ethically impossible to double-blind an operative procedure, and while a sizable literature of retrospective studies exists, it was thought that a prospective study would provide a useful basis for comparison to new treatments proposed for lumbosacral disc protrusions.
Clinical Materials and Methods
The study was commenced in August, 1975, and by April, 1977, 100 consecutive patients had undergone discectomy carried out by the author. Patients with previous low-back surgery of any type, multilevel laminectomies, associated fusions, or simple dorsolateral decompression without discectomy were excluded. Before the series started, the author had carried out approximately 1000 major spinal operations.
Discectomy was carried out under general anesthesia in all cases, and the lateral position was preferred. All patients had infiltration with local anesthetic and epinephrine.
Patients were asked to come for follow-up examination at 1 month and 1 year postoperatively. All patients were given a questionnaire a minimum of 1 year postoperatively by mail or telephone. We recorded 157 variables for each patient, which were placed on tape and analyzed by computer using standard statistical techniques.
Results
Averages will be given as mean + standard error of the mean. Statements will be followed by the probability value (p) of the association.
The general characteristics of the group were as follows: male 75%, female 25%; age 41.7 4-1 year; height 173:6 4-9 cm; weight 77.5 4-1 kg. There were 72% non-compensation cases, and 28% compensation cases. All patients had leg pain preoperatively for an average of 16.1 4-3.2 months; 93% bad back pain preoperatively for an average duration of 62.4 4-7.5 months. The average duration of the present episode of preoperative pain was 102.1 + 19.5 days, with a time off usual work of 47.5 4-5.4 days (22% of the group). On an average, previous hospitalizations for the same problem numbered 0.5 4-0.09 (38% of the group). There was an average hospital stay of 4.5 • 0.29 days preoperatively and 5.2 4-0.26 days postoperatively. The average period between operation and return to work was 41.1 4-3.0 days, and subsequent time off work for similar problems in the first postoperative year was 12.6 4-6.5 days.
In 13% of patients, the back pain was worse than the leg pain before operation. Preoperatively, 100% of patients had a myelogram; 73% were taking analgesics; 44% were undergoing physiotherapy; 44% were under chiropractic care; and 14% had significant associated medical illness such as myocardial ischemia or diabetes. The neurological findings are given in Table 1 .
The differences between L4-5 and L5-S1 protrusions are shown in Table 2 . These were the only factors chosen by the computer in the construction of a discriminant analysis to categorize a patient as having an L4-5 or an L5-S1 disc on the basis of clinical and plain radiological factors alone. The resultant equation correctly categorized L4-5 discs 81.4% of the time and L5-S1 discs 77.8% of the time. Additional factors did not measurably increase the accuracy, even though there were differences in the frequencies at each level of protrusion. For instance, hyperesthesia on the dorsum of the foot occurred in 30% of L4-5 discs and in only 9% of L5-SI discs (p < 0.02). Additional differences between groups of patients with L4-5 and L5-S1 protrusions are shown in Table 3 .
This group of patients was compared to a large pop-Ulation of Canadians of the same sex and age, 7 a Z test of proportions of those above and below 1 standard deviation was carried out which showed that in our patients with discectomy there were: a greater proportion of overweight men (p < 0.01), a lesser proportion of short men (p < 0.01), a greater proportion of tall men (p < 0.05), a lesser proportion of underweight men (p < 0.05), and no differences in the proportions for women.
Preoperative laboratory data were as follows: hemoglobin 14.8 + 0.13 gm/dl; white blood cell count 7803 • 2.52/cu mm; erythrocyte sedimentation rate 12 + 1.3 mm/hr; cerebrospinal fluid (CSF) protein 58 + 0.25 mg/dl; and erythrocytes in CSF 155 + 45/cu mm.
The operative factors were as follows: duration of surgery 34.9 + 2.7 minutes; duration of anesthesia 52.2 + 3 minutes; estimated blood loss < 50 cc in *Comparison by standardized discriminant function coefficients. The (+) factors favor a level of L4-5, the (-) favor L5-S1. The magnitude of the figure is a reflection of the relative importance of the factor. Prospective study of 100 lumbosacral discectomies 30%, 50 to 100 cc in 34%, and >100 cc in 34%; operative transfusion 0%; lateral position in 96%; prone position in 4%; simple protrusion in 40%; subligamentous extrusion in 24%; sequestration in 26%; migrated free fragment in 10%; unilateral entry into disc in 98%; Gelfoam used in 27%; marginal bone removal carried out in 46%; and radical curettage of disc space in 72%.
Radical discectomy was associated with decreased incidence of unilateral reduction in ankle jerk at 1 month after operation (p < 0.00), fewer complaints of all kinds in the first postoperative year (p < 0.01), and fewer hospital visits after surgery (p < 0.03). Bone removal was associated with increased age (p < 0.00), longer operation (p < 0.00), L4-5 rather than L5-S1 (p < 0.00), complete block on myelography (p < 0.00), apophyseal sclerosis on plain film (p < 0.00), osteophytes on plain film (p < 0.01), both ankle jerks depressed preoperatively (p< 0.02), longer duration of back pain (p < 0.03), smaller anteroposterior diameter of the canal at L5-S1 (p < 0.03), smaller lateral diameter of the dural sac at LA-5 (p < 0.03), smaller anteroposterior diameter of the dural sac at L4-5 (p < 0.03), and fewer previous admissions (p < 0.05). The use of Gelfoam was associated with longer operation (p < 0.00), higher postoperative temperature (p < 0.00), smaller anteroposterior diameter of the canal at L5-S1 (p < 0.02), smaller anteroposterior diameter of the canal at L4-5 (p < 0.03), and greater operative blood loss (p < 0.05). In two instances the dura was opened during dissection; in only one of these was the arachnoid breached, and that was only a 1-mm opening which was covered with Gelfoam; there was no damage or protrusion of neural elements.
There were no significant complications in this series; specifically, there were no increases in neurological deficit from the surgery, no infection, no thromboembolism, and no postoperative deaths.
Postoperatively, temperature rose from 37.0 + 0.04 ~ to 37.7 + 0.05 ~ C, 5% of patients were catheterized once, 79% were given at least one injection of narcotic, 54% were mobilized in a swimming pool in the first or second postoperative day. Two patients were reoperated in the first 12 months after surgery. One had no immediate relief of leg pain so reexploration was carried out but nothing was found to account for the pain; nothing was done additionally and the patient went on to complete relief. The other patient had persistence of the same pain postoperatively, and was reoperated by a different surgeon following which the pain still remained the same. Six percent of the patients complained of contralateral leg pain at some time in the first postoperative year.
On plain radiographs the following abnormalities were noted: osteophytes 26%; facet subluxation 25%; iliotransverse joint 14%; apophyseal sclerosis 9%; six lumbar-type vertebrae 7%; osteoporosis 3%; spondylolysis 2%. All patients had myelograms with oil- 10.6 • 0.7 12.9 • 0.4 < 0.00 L5-S1 12.7 • 0.5 13.5 • 0.5 NS *Disc heights were taken at the mid-point of the disc on the lateral radiograph. The lateral diameters were taken from the anteroposterior (AP) radiograph at the mid-pedicle. The AP diameters were measured on the lateral radiograph at the postero-inferior aspect of the body above the disc in question, in a line going posteriorly parallel to the disc.
tNS= not significant.
soluble contrast material which showed: large unilateral defect in 48%; root cut-off or distortion 34%; complete block 8%; bilateral partial block 5%; hourglass deformity 3%; central protrusion 1%; 1% had a normal myelogram. In addition, 4% were thought to show generalized lumbar stenosis. The type of myelographic defect did not correlate with the degree of disc protrusion found at surgery as classified above. Measurements are given in Table 4 . In 51% of cases the protrusion was at the level of the narrowest disc on the plain radiograph. If the L4-5 disc height was _< 9 mm, then 52% had L4-5 protrusions, but 31% had L5-S1 protrusions; however, if the L4-5 disc height was greater than > 13 ram, then only 28% had L4-5 protrusions and 72% had L5-S1 protrusions. Analysis of categorical variables showed that complete myelographic block was least common at L5-S1 (p < 0.00), protrusion was at the level of the narrowest disc with L4-S1 only (p < 0.00), osteoporosis was more common in females (p < 0.01), and osteophytes were more common with L4-5 protrusions (p < 0.01). Levels of protrusions established by the myelographic and operative findings were: L2-3 (I), L3-4 (1), L4-5 (46), L5-S1 (45), L5-6 (6), L6-S1 (1). The discriminant analysis equation applied to the protrusions other than IA-5 or L5-S1 classified five of the six L5-6 protrusions and the L6-S1 protrusion as being L5-S1 protrusions.
The results by occupational group are given in Table 5 . A comparison of compensation and noncompensation patients is given in Table 6 . There were fewer significant differences when the comparison was restricted between the 28 compensation cases and the 11 farmers. The only significant difference (p < 0.02) was in time off work preoperatively, which was 82 4-13 days for compensation cases and 30 + 11 days for farmers. The interval between operation and return to work was 66 4-9 days for compensation cases and 40 + 5 days for farmers (p < 0.07).
The questionnaire which was given a minimum of 1 year postoperatively was answered by 94 patients. Of these, 93% were glad they had had the operation, 76% wished they had undergone the operation sooner; 14% received a pension or were expecting a pension as a result of their illness; 12% had taken some analgesic at some time in the first postoperative year; 18% had some additional time off work in the first year after surgery; 6% had changed their occupations; and 3% had undergone chiropractic treatment in the first postoperative year. There were no significant statistical differences in those who replied and those who did not.
The patients' assessment of the results of.surgery are given in Table 7 . The factors significantly associated with relief of back pain are listed in Table  8 , and with leg pain in Table 9 .
Of the compensation patients, 47% said their back pain had disappeared completely compared to 70% of farmers; 21% said their back pain was the same or worse while only 10% of farmers stated this. Leg pain was relieved in more cases, 56% of compensation cases having complete relief as opposed to 80% for farmers. Leg pain was the same or worse in 13% of compensation cases and in 10% of farmers. Table 10 lists the standardized discriminant function coefficients for the categorization of patients into those "completely relieved" versus the "same or worse." The discriminant analysis carried out using these factors correctly classified 96% of those claiming "complete relief" of back pain, and 86% of those claiming that back pain was the "same or worse." It correctly classified 100% of patients in these categories with respect to leg pain. The equation categorized those patients who stated they had "par- tial relief" of back pain into the "complete relief" group in 80% of cases, and 90% of those having "partial relief" of leg pain were classified as falling into the "complete relief" category. The method by which the computer assigned patients into the "complete relief" or "same or worse" categories is given in Table 11 . If the patients in this series were representative of all disc patients, this method could be useful in predicting outcome. 
Discussion
The characteristics of this disc population are in keeping with those of the world literature which was reviewed in a very thorough fashion by Sprangfort?
The clinical findings were also similar to those of Laasonen, et al., ~ who have reported the only other prospective series of surgical discectomies.
The outcome as judged by subjective pain relief, is similar to that of Semmes, 5 Sprangfort, 6 and Thomalske, et al. 8 On the basis of these reports and the present series it is reasonable to expect that at least 50% of all patients having a discectomy will have complete relief of back and leg pain, and fewer than 10% will be the same or worse.
These results are considerably better than those reported for chemonucleolysis using chymopapain when the percentages of patients in the "same or worse" category were 40% 1 29%, 4 and 55%. 8 While the patients reported here were in hospital longer postoperatively than those of MuCulloch 3 (5 days versus 1 to 2 days), the patients having surgical discectomy appeared to return to work as soon, 6 weeks versus 1 to 12 weeks (the actual figure was not given). The majority of patients in this series had significant quantities of disc material outside the confines of the disc space, and many had narrow lateral recesses necessitating bone removal in addition to discectomy. These facts alone would appear to favor primary discectomy over chemonucleolysis. The speed and safety with which this operation can be performed compare favorably with these factors as reported for chemonucleolysis.
All surgeons perform a subconscious discriminant analysis in selecting patients for discectomy. Hopefully the delineation of factors of importance in this series will prove helpful in preoperative decision making. The findings reported here strongly suggest that those patients who do not receive the "benefits" of prolonged conservative management will fare the best. The failure of the retrospective computer analysis to achieve better than an 80% accuracy in deciding on the basis of clinical and plain radiographic factors between an L4-5 and L5-S1 level in patients with protrusion is an inducement to use routine myelography.
Undoubtedly, the existence of compensation leads patients to exaggerate their complaints and to take advantage of more time off work. However, the fact that farmers, who also do heavy labor but are not on corn- 
Standardized discriminant function coefficients for outcome
Factor Result* back pain: "complete relief" vs. "same or worse" duration present episode + 0.59 compensation case + 0.51 no. previous hospitalizations q-0.28 age + 0.23 back pain worse than leg pain preop d-0.21 use of analgesics preop -0.25 weakness preop -0.22 paresthesia preop -0.18 leg pain: "complete relief" vs.
"same or worse" no. previous hospitalizations + 0.63 duration of present episode -k-0.55 age -k-0.37 compensation + 0.31 duration back pain + 0.25 physiotherapy preop q-0.25 site (L4-5 > L5-S1) + 0.19 hypesthesia lateral foot -0.19 analgesics preop -0.18 time off work preop -0.14 *The (+) sign indicates a factor which points to a poor outcome, the (--) indicates a good outcome. The greater numerical value the more important the factor is as a determinant of outcome. pensation, have many features in common with compensation cases should make those who deal with compensation cases less skeptical.
Some patients reported on here will have recurrent problems with their spines in the lumbosacral area. We plan to study this series again in years to come in order to add to the data on the results of lumbosacral discectomy in the long term.
